ABSTRACT Three experiments were conducted to determine 1 ) the relationship between prolactin and growth hormone ( G H ) secretion in mares and the response to GH-releasing hormone (GHRH), 2 ) whether plasma GH and prolactin concentrations differed among mares, stallions, and geldings, and 3 ) whether sexual differences existed after administration of GHRH and acute exercise. In Exp. 1, 10-min blood samples were collected from 12 mares for 8 h, and GHRH (0, 45, 90, or 180 fig) was administered at 6 h. In Exp. 2, 15-min blood samples were collected for 4 h from 10 mares, stallions, and geldings. In Exp. 3, eight horses of each sexual status were administered GHRH at 0900; later that day, each horse was exercised for 5 min. Blood samples were collected every 10 min around each event. In Exp. 1, prolactin concentrations decreased ( P < .01) over the 8-h period, and there was a n average of 2.9 f .5 episodes of increased secretion during that time; there was no correlation between these episodes and those in GH secretion. Prolactin concentrations were not affected ( P > . l ) by GHRH. In Exp. 2, average concentrations of GH were 2.4, 8.6, and 8.5 ng/mL for mares, stallions, and geldings, respectively; males differed from females ( P < .05). Stallions and geldings had more ( P < .05) peaks in GH concentrations and greater ( P < .05) amplitude of peaks than mares. In contrast, prolactin concentrations were greater (P < .02) in mares and stallions than in geldings. In Exp.
Introduction
Previous research indicated that growth hormone (GH) secretion may be greater in stallions than in mares (Thompson et al., 1992; Stewart et al., 1993) . Because GH secretion is episodic (Thompson et al., 1992; Stewart et al., 19931, greater J. h i m . Sci. 1994 Sci. . 72:2911 Sci. -2918 stimulated by various forms of stress in stallions (Colborn et al., 1991; Thompson et al., 1992) . Other secretagogues for prolactin, such as thyrotropinreleasing hormone or dopamine antagonists, have no effect on GH secretion. Administration of GH-releasing hormone ( GHRH) rapidly increases GH concentrations in mares and foals (Thompson et al., 1992; Stewart et al., 1993) . Administration of GHRH also stimulates prolactin secretion in some species (Stachura et al., 1986; De Marinis et al., 1991) , although this has not been reported for horses. The objectives of these experiments were 1) to determine the short-term relationship between prolactin and GH secretion and their responses to GHRH, 2 ) to characterize the GH secretion of mares, stallions, and geldings to determine how, if at all, it differed due to sexual status, and 3 ) to determine whether shorterterm challenges (response to GHRH or acute exercise) may be as informative as frequent blood sampling for assessment of GH status.
Materials and Methods
Light horse mares, stallions, and geldings between 3 and 15 yr of age and weighing between 400 and 632 kg were selected from the resident herd based on good body condition (condition score 5 to 8; Henneke et al., 1983 ) and temperament (not flighty or nervous). Mares and geldings were maintained together on pasture. Stallions were housed in individual 50-m x 75-m lots and fed bermudagrass hay and a pelleted complete feed once daily at 0800.
In Exp. 1 (conducted in March 19901, 12 mares were brought in from pasture at 0730 and tied along the periphery of an open-sided shed. A 14-gauge indwelling catheter was inserted into one jugular vein of each mare. Beginning at 0900, blood samples (10 mL) were drawn at 10-min intervals from each mare for a total of 8 h, during which time mares received no feed or water. Immediately after withdrawal of the 6-h blood sample, three mares per group received l-mL injections via the catheters of either vehicle (.155 M saline containing .l% gelatin) or vehicle containing 45, 90, or 180 pg of porcine GHRH (Sigma Chemical, St. Louis, MO). Blood samples were placed into tubes containing 200 IU of sodium heparin immediately after collection. They were then placed in an ice bath and centrifuged within 30 min at 1,200 x g for 10 min at 5°C. Plasma was harvested and stored at -15°C. Concentrations of GH in these samples have been reported (Thompson et al., 1992) .
In Exp. 2 (conducted in July 19911, mares, stallions, and geldings ( n = lO/group) were fitted at approximately 0800 with indwelling jugular catheters. Mares and geldings were then tied in various locations around the periphery of a shed; stallions were kept in their lots and were tied inside the shelter that was present in each lot. Horses were allowed to stand quietly for a minimum of 1 h before blood sampling was started (between 0915 and 1030) to minimize any possible effects of catheterization. Blood samples ( 5 mL) were drawn every 15 min for 4 h and were processed as described for Exp. 1.
In Exp. 3 (conducted in June 1993), eight horses of each type were used. Five mares, five stallions, and all eight geldings had been used in Exp. 2. Housing, feeding, and maintenance were the same as described above, except that all horses were brought into stalls the night before the experiment and were not given any feed until blood sampling was completed the following day; water was available except when blood samples were being drawn. On the day of sampling, horses received jugular catheters at approximately 0730 and were allowed to stand quietly until initiation of blood sampling at 0900. Three blood samples ( 5 mL) were drawn at 10-min intervals, and then porcine GHRH (Sigma Chemical) was administered i.v. through the catheter at a dose of .44 pg/(kg BW).75. Individual doses ranged from 39.6 to 55.5 pg. Blood samples were subsequently drawn at 10-min intervals through 90 min after GHRH administration. Blood samples were processed as described for Exp. 1.
Between 1250 and 1420 later that day, blood sampling was again initiated. For each horse, three blood samples ( 5 mL) were drawn at 10-min intervals, and the horse was walked approximately 60 m to a pen for exercise. A lunge line was attached to the horse's halter, and the horse was then exercised for 5 min a t a moderate to fast trot with some initial cantering. A whip was used to make noise to encourage the horse to trot, as were verbal cues (clucking and voice commands) by the personnel involved. No physical contact was made with the horse, and the verbal cues were not extreme. At the end of 5 min, the horse was immediately walked back to its stall. Blood samples were drawn every 10 min for 90 min relative to the onset of exercise. Blood samples were processed as described for Exp. 1.
Concentrations of GH were determined in all plasma samples with RIA described by Thompson et al. (1 992 1. Concentrations of prolactin were measured in selected plasma samples with a RIA described by Colborn et al. (1991) . In Exp. 1, all samples (49/ mare) were assessed for prolactin concentration. Based on the results of Exp. 1, only the hourly samples in Exp. 2 (0, 60, 120, 180, and 240 min) were used to assess prolactin secretion. In Exp. 3, only the afternoon samples (around the exercise) were assayed for prolactin concentrations, given that GHRH had no effect on prolactin concentrations in Exp. 1.
Prolactin concentrations in Exp. 1 were analyzed with split-plot ANOVA (Gill and Hafs, 1971 ) with doses of GHRH as the main units [tested with mare(dose)l and sampling times as subunits. In addition, PULSAR analysis (Gitzen and Ramirez, 1976 ; computer software obtained from V. D. Ramirez, Univ. of Illinois, Urbana) was used to determine whether episodes in prolactin secretion occurred either spontaneously or in response to GHRH. Prolactin characteristics were then compared with the previously reported GH characteristics (Thompson et al., 1992) . Growth hormone data in Exp. 2 were subjected to PULSAR analysis to determine for each horse the average GH value, average baseline, number of episodes, and amplitude of each episode occurring within the 4-h period. These data were subjected to one-way ANOVA; natural logarithms of data for episode amplitude were analyzed because the variances for the original data were not homogeneous (Steel and Torrie, 1980) . Data from Exp. 3 for GH response to GHRH were subjected to split-plot ANOVA as described above, as were the concentrations of GH and prolactin in response to exercise. In addition, net areas under each response curve for GH and prolactin were calculated for each horse by first subtracting that horse's pre-challenge average concentration from all its subsequent data and then summing the time x concentration increments. Areas were Asterisks indicate significant episodes in prolactin concentrations detected with PULSAR analysis. Pooled SEM for mean prolactin concentrations was .33 ng/mL. subjected to one-way ANOVA, and the significance of differences among groups was assessed with the LSD test (Steel and Torrie, 1980) .
Results
Prolactin concentrations decreased ( P < .O 1) during the first 3 h of the 8-h sampling period in Exp. 1 (Figure l a ) . There was no effect ( P > . 1 ) of GHRH dose or any interaction with time for prolactin concentrations. An average of 2.9 If: .5 spontaneous episodes in prolactin secretion were detected with PULSAR in the 8-h period, for a mean frequency of .36 f .06 h-l; the mean amplitude of these peaks was 2.1 f .9 ng/mL, and the baseline was 1.6 If: .1 ng/mL. The relationship between prolactin and GH concentrations is illustrated by data from three representative mares in Figure lb , c, and d. Whether spontaneous or GHRH-induced, episodes in GH secretion were rarely coincident with those for prolactin. Episode frequency for GH, calculated for the 6-h period before GHRH administration, averaged .40 f .05 h-l; the mean amplitude of these peaks was 5.0 f 1.6 ng/mL, and the baseline was 1.1 f .1 ng/mL.
Representative data for GH concentrations in two mares, stallions, and geldings during the 4-h period in Exp. 2 are presented in Figure 2 . Episodes in GH secretion were detected in some mares and in most stallions and geldings. Following PULSAR analysis, one-way ANOVA indicated that stallions and geldings had greater ( P < .05) average GH concentrations than mares (Table 1 ) . Furthermore, stallions and geldings had more episodes ( P < . 0 5 ) and a greater average amplitude of episodes ( P < .05) than mares ( Table 1) .
Average baseline for GH concentrations did not differ Characteristics of GH secretion for 10 horses in each group are summarized in Table 1 .
( P > . 1) among groups. In contrast to GH, average prolactin concentrations were greater ( P < .02) in mares and stallions than in geldings (Table 1) .
In Exp. 3, the response of GH concentrations to GHRH administration was greatest ( P < .011 in stallions (Figure 3 a ) and least in mares. Areas under the curve (Table 1) indicated that stallions differed ( P < .05) from geldings and mares, but geldings did not differ ( P > . l ) from mares. In contrast, GH concentrations ( Figure 3b ) were greater ( P < .05) in geldings than in stallions or mares at 10 and 20 min after onset of exercise, but they did not differ among groups otherwise. Areas under the GH curve after exercise (Table 1) did not differ ( P > . 1 ) among the three groups. All horses had an increase in prolactin concentrations after exercise (Figure 3c) , and areas under the curve were similar ( P > .1) among groups (Table 1) .
Discussion
Episodic secretion of prolactin in cyclic mares was described in a brief report by Roser et al. (1987) . In that report, average number of episodes per 8-h sampling period ranged between 10.25 on the day of ovulation to 3.86 15 d after ovulation. This equates to an episode frequency of between .48 and 1.28 h-l; no data were presented for average prolactin concentration or average baseline. However, mean amplitude ranged from .86 to 2.0 ng/mL, which is similar to that described herein (2.1 ng/mL). Given an average baseline of 1.6 ng/mL in Exp. 1 from which the episodes arose, the mean change relative to baseline was 131%; the greatest change for an individual mare was 378%. Episodes in GH secretion, in contrast, increased an average of 455% above the mean baseline of 1.1 ng/mL; the largest relative change was 1,713%. Thus, a major difference existed in these mares between prolactin and GH characteristics in the degree to which concentrations varied relative t o baseline. From these patterns of prolactin and GH concentrations, it seems that there is a component of prolactin secretion that is continual and relatively constant and maintains plasma concentrations at levels characteristic for the season (i.e., high in summer and low in winter; Johnson, 1986; Thompson et al., 1986a Thompson et al., ,b, 1987 . Superimposed on this continual secretion are occasional low-magnitude bursts of prolactin secretion. In contrast, GH seems to be secreted mainly in large bursts, with very little secretion during the periods between bursts.
Patterns of secretion for LH and FSH in intact mares in summer (Thompson et al., 1987) and stallions in summer and winter (Thompson et al., 1985) are similar t o those described herein for prolactin. That is, the degree to which concentrations increase above baseline during an episode generally does not exceed 100% of baseline. Moreover, episodes in secretion are infrequent and sometimes absent. One implication of these data, as was discussed previously for LH and FSH (Thompson et al., 19851 , is that the less variable (over time) a hormone is about its mean, the better a single sample can be used to estimate the mean for an individual. This means that estimation of .90
aMares differ from stallions and geldings ( P < .05). bAmplitude data were transformed to natural log for analysis due to heterogeneity of variances; actual means are shown. CGeldings differ from mares and stallions ( P < .02). dStallions differ from mares and geldings ( P < .03).
GH secretion requires much more frequent sampling over a fixed time interval than does estimation of LH, FSH, or prolactin secretion in horses.
The gradual decrease in mean prolactin concentrations over the first 3 h of blood sampling in Exp. 1 was marked in three of the 12 mares and was absent in two mares. No diurnal fluctuations in prolactin concentrations have been detected in mares under controlled conditions in our laboratory (unpublished data); however, two procedural factors may have contributed to the decrease in Exp. 1. First, DePew et al. (1994) found that prolactin concentrations increase consistently in mares and stallions within 2 h after a meal of pelleted feed and grass hay. Second, Colborn et al. ( 199 1) found that prolactin concentrations increased markedly within 20 min after acute exercise in stallions, and Thompson et al. (1988) found that they increased after short-term stress in pony mares. The mares in Exp. 1 were brought from the pasture a t 0730, and blood sampling began at 0900; thus, either of these factors could have contributed to increased prolactin concentrations at the onset of blood sampling. However, GH concentrations, which also increase dramatically with exercise and stress (Thompson et al., 1992) but not after feeding (DePew et al., 19941, were not increased at the onset of blood sampling (Thompson et al., 19921 , which may indicate more involvement of feeding (i.e., previous grazing) than of exercise or stress.
A lack of coincident secretion of prolactin and GH is evident from the data for individual mares presented in Figure 1 . Whether spontaneous or induced by GHRH, large episodes in GH secretion were rarely accompanied by changes in prolactin secretion, and vice versa. Stimulation of prolactin secretion by GHRH has been reported for rats (Stachura et al., 1986 ) and humans (Chiodini et al., 1990; De Marinis et al., 1991) . Similarly, some secretagogues of prolactin cause a simultaneous stimulation of GH secretion in various species (Molitch, 1988) . However, we reported previously that neither thyrotropin-releasing hormone nor sulpiride, a dopamine antagonist, affected GH concentrations in mares, even though prolactin concentrations were increased markedly (Thompson et al., 1992) . Even exercise, which is a physiologic secretagogue for both hormones, caused different responses in prolactin and GH concentrations in stallions in Exp. 3. Although a cell type in the pituitary of rats that secretes both GH and prolactin has been described (Frawley et al., 1985) , it seems unlikely from the present data that such a cell type is the predominant secretor of GH and prolactin in horses.
The differences in GH characteristics due to sexual status in Exp. 1 were consistent with those reported for pigs (Arbona et al., 1988; Claus et al., 1990) and cattle (Plouzek and Trenkle, 1991) . The fact that geldings were similar to stallions indicates that testicular products were not a factor in the difference between mares and stallions at the time of sampling. The geldings in Exp. 2 had been gonadectomized for more than 2 yr. Although we did not have exact dates of castration, young male horses are routinely castrated as yearlings. Thus, the presence of the testes throughout prenatal development or soon after birth may cause male-like differentiation of GH secretory characteristics that persists even when the testes are removed. In contrast to GH, the differences in resting prolactin concentrations due to sexual status were not male vs female, but appeared to be intact vs gonadectomized. Stimulatory effects on prolactin production and secretion of estrogen in females (Macleod, 1976) and androgen in males (Herbert, 1978) 
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testosterone, and dihydrotestosterone on prolactin characteristics in ovariectomized mares.
The differences in GH characteristics due to sexual status in Exp. 2 were not the same as those detected after administration of GHRH in Exp. 3, the main inconsistency being the failure of geldings to respond in a manner similar to stallions. The dose of GHRH used in Exp. 3 was approximately the same as the minimum dose administered in Exp. 1 (45 pg), which resulted in a significant increase in GH concentrations in all three mares in that experiment (Thompson et al., 1992) . The variation in response among mares, stallions, and geldings may indicate that this dosage is on the low end rather than on the high end of the true dose-response curve. As has been reported for other species (Wehrenberg et al., 1982; Kraft et al., 1985; Dubreuil et al., 1987) , there can be great variation among individuals in the response to a fixed dose of GHRH. Some of this variation is due to the timing of treatment relative to an animal's last spontaneous episode in GH secretion. That is, in the present experiments, when GH concentrations were decreasing from a previous episode, the response to GHRH or exercise was often minimal or absent.
Even though mean concentrations of GH in geldings immediately after exercise were greater than those in mares or stallions, the areas under the curves did not vary significantly, because variation among horses was large. Several geldings had increases in GH concentrations that were 10-to 12-fold above baseline, and only two had no change at all. Although some of this variation may have been due to previous spontaneous episodes in GH secretion, it was not possible to assess this further due to the brief sampling period before exercise. A response in prolactin concentrations after exercise was observed in 100% of the mares, stallions, and geldings. However, the differences in resting prolactin concentrations due t o sexual status in Exp. 1 were not present for exercise-induced prolactin secretion.
In total, these data indicate that the two approaches of estimating GH and prolactin secretion in lieu of long-term frequent blood sampling are not consistent with each other or with estimates derived from frequent sampling. Thompson et al. (1991) reported a similar lack of relationship between prolactin in the pituitary gland, which had been increased fourfold by estradiol treatment, and the prolactin response to thyrotropin-releasing hormone, which did not change. Thus far, the only pituitary hormone in horses for which various characteristics have been found to be tightly linked is LH; pituitary content, estimates of daily secretion, and response t o GnRH all change in the same direction and approximate magnitude after various steroidal treatments . We conclude from the present experiments that freauent blood samdine durine an extended blood sampling period is required to assess resting GH secretion in horses. The minimum duration of sampling, the repeatability of estimates, and other procedural factors need to be determined in future studies.
Implications
Average resting concentrations of growth hormone in male adult horses, regardless of the presence of the testes, were greater than those in females. This indicates that there is development of male-like characteristics in growth hormone secretion in horses early in life. Resting concentrations of prolactin, in contrast, were greatest in intact mares and stallions, indicating that the gonads likely influence the degree of prolactin secretion. Responses to growth hormonereleasing hormone or exercise did not consistently reflect the male-female differences, or the intactgonadectomized differences, and thus cannot serve as replacements for more comprehensive assessments of hormonal secretion.
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